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Text Proposal
4.5.1
BS antenna pattern

The 3-sector antenna pattern used for each sector, Reverse Link and Forward Link, is plotted in Figure 4.1 and is specified by
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(4.5-1)
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is defined as the angle between the direction of interest and the boresight of the antenna, 
[image: image3.wmf]dB

3

q

 is the 3dB beamwidth in degrees, and  Am is the maximum attenuation. For a 3 sector scenario 
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 is 70 degrees, 
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20dB,and the antenna boresight pointing direction is given by Figure 4.2.  For a 6 sector scenario 
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 is 35o, 
[image: image7.wmf]m

A

=23dB, which results in the pattern shown in Figure 4.3, and the boresight pointing direction defined by Figure 4.4.  The boresight is defined to be the direction to which the antenna shows the maximum gain.  The gain for the 3-sector 70 degree antenna is 14dBi.  By reducing the beamwidth by half to 35 degrees, the corresponding gain will be 3dB higher resulting in 17dBi. The antenna pattern shown is targeted for diversity-oriented implementations (i.e. large inter-element spacings). For beamforming applications that require small spacings, alternative antenna designs may have to be considered leading to a different antenna pattern.  

Unaffected text was omitted

4.5.4
Per-path BS power azimuth spectrum

The Power Azimuth Spectrum (PAS) of a path arriving at the base station is assumed to have a Laplacian distribution. For an  AoD 
[image: image8.wmf]q

 and RMS angle-spread (, the BS per path PAS value at an angle ( is given by: 
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(4.5-2)
where both angles 
[image: image10.wmf]q

and ( are given with respect to the boresight of the antenna elements. It is assumed that all antenna elements’ orientations are aligned. Also, P is the average received power and G is the numeric base station antenna gain described in Clause 4.5.1 by 
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Finally, No is the normalization constant:
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(4.5-4)
In the above equation, ( represents path components (sub-rays) of the path power arriving at an  AoD 
[image: image13.wmf]q

. 

Unaffected text was omitted

4.6.4
Per-path MS power azimuth spectrum

The Laplacian distribution and the Uniform distribution are used to model the per-path Power Azimuth Spectrum (PAS) at the MS.

The Power Azimuth Spectrum (PAS) of a path arriving at the MS is modeled as either a Laplacian distribution or a uniform over 360 degree distribution. Since an omni directional  MS antenna gain is assumed, the received per-path PAS will remain either Laplacian or uniform. For an incoming AOA 
[image: image14.wmf]q

 and RMS angle-spread (, the MS per-path Laplacian PAS value at an angle ( is given by: 
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where both angles 
[image: image16.wmf]q

and ( are given with respect to the boresight of the antenna elements. It is assumed that all antenna elements’ orientations are aligned. Also, P is the average received power and No is the normalization constant:
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(4.5-6)
In the above equation, 
[image: image18.wmf]q

 represents path components (sub-rays) of the path power arriving at an incoming AoA 
[image: image19.wmf]q

.  The distribution of these path components is TBD.
Unaffected text was omitted

5.2
Environments

We consider the following three environments.

a)
Suburban macrocell (approximately 3Km distance BS to BS)

b)
Urban macrocell (approximately 3Km distance BS to BS)

c)
Urban microcell (less than 1Km distance BS to BS)

The characteristics of the macro cell environments assume that BS antennas are above rooftop height.  For the urban microcell scenario, we assume the BS antenna is at rooftop height. Table 5.1 describes the parameters used in each of the environments. 

Table 5.1. Environment parameters

	Channel Scenario
	Suburban Macro
	Urban Macro
	Urban Micro

	Number of paths (N)
	6
	6
	6

	Number of sub-paths (M) per-path
	20
	20
	20

	Mean AS at BS
	E(
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	NLOS: E(
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	AS at BS as a lognormal RV 
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	1.2     
	1.3
	N/A

	Per-path AS at BS (Fixed)
	2 deg
	2 deg
	5 deg (LOS and NLOS)

	BS per-path AoD Distribution standard distribution 
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	U(-40deg, 40deg)

	Mean AS at MS
	E((AS, MS)=680
	E((AS, MS)=680
	E((AS, MS)=680

	Per-path AS at MS (fixed)
	350
	350
	350

	MS Per-path AoA Distribution
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	Delay spread as a lognormal RV 
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	(DS = - 6.80

(DS = 0.288
	(DS = -6.18

(DS = 0.18
	N/A

	Mean total RMS Delay Spread 
	E(
[image: image39.wmf]DS

s

)=0.17 (s
	E(
[image: image40.wmf]DS

s

)=0.65 (s
	E(
[image: image41.wmf]DS

s

)=0.251(s (output)

	
[image: image42.wmf]DS

delays

DS

r

s

s

=

/


	1.4
	1.7 
	N/A

	Distribution for path delays
	
	
	U(0, 1.2(s)

	Lognormal shadowing standard deviation, 
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	8dB
	8dB
	NLOS: 10dB

LOS: 4dB 

	Pathloss model (dB), 

d is in meters
	31.5 + 35log10(d) 
	34.5 + 35log10(d) 
	NLOS: 34.53 + 38log10(d)

LOS: 30.18 + 26*log10(d) 


The following are assumptions made for the suburban macrocell and urban macrocell environments.

a)
The macrocell pathloss is based on the modified COST231 Hata urban propagation model:
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(5.2-1)

where 
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is the BS antenna height in meters, 
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 the MS antenna height in meters, 
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 the carrier frequency in MHz, d is the distance between the BS and MS in meters, and C is a constant factor (C = 0dB for suburban macro and C = 3dB for urban macro). Setting these parameters to 
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= 32m, 
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= 1.5m, and  
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=1900MHz, the pathlosses for suburban and urban macro environments become, respectively, 
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. The distance d is required to be at least 35m. 

b)
Antenna patterns at the BS are the same as those used in the link simulations given in Clause 4.5.1.  

c) 
Site-to-site SF correlation is 
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. This parameter is used in Clause 5.6.2.

d)
The hexagonal cell repeats will be the assumed layout.

The following are assumptions made for the microcell  environment.

a)
The microcell NLOS pathloss is based on the COST 231 Walfish-Ikegami NLOS model with the following parameters: BS antenna height 12.5m, building height 12m, building to building distance 50m, street width 25m, MS antenna height 1.5m, orientation 30deg for all paths, and selection of metropolitan center. With these parameters, the equation simplifies to: 


PL(dB) = -55.9 + 38*log10(d) + (24.5 + 1.5*fc/925)*log10(fc).
(5.2-2)

The resulting pathloss at 1900 MHz is: PL(dB) = 34.53 + 38*log10(d), where d is in meters.  The distance d is at least 20m.  A bulk log normal shadowing applying to all sub-paths has a standard deviation of 10dB.


The microcell LOS pathloss is based on the COST 231 Walfish-Ikegami street canyon model with the same parameters as in the NLOS case. The pathloss is 


PL(dB) = -35.4 + 26*log10(d) + 20*log10(fc)
(5.2-3)

The resulting pathloss at 1900 MHz is PL(dB) = 30.18 + 26*log10(d), where d is in meters.  The distance d is at least 20m.  A bulk log normal shadowing applying to all sub-paths has a standard deviation of 4dB. 

b)
Antenna patterns at the BS are the same as those used in the link simulations given in Clause 4.5.1.  

c)
Site-to-site correlation is 
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. This parameter is used in Clause 5.6.2.

d)
The hexagonal cell repeats will be the assumed layout.

Note that the SCM model described here with N = 6 paths may not be suitable for systems with bandwidth higher than 5MHz.

Unaffected text was omitted

5.3.1
Generating user parameters for urban macrocell and suburban macrocell environments

Step 1: Choose either an urban macrocell or suburban macrocell environment.
Step 2: Determine various distance and orientation parameters. The placement of the MS with respect to each BS is to be determined according to the cell layout. From this placement, the distance between the MS and the BS (d) and the LOS directions with respect to the BS and MS (
[image: image55.wmf]BS

q

 and 
[image: image56.wmf]MS
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 , respectively) can be determined.  Calculate the bulk path loss associated with the BS to MS distance.  The MS antenna array orientations (
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), are i.i.d., drawn from a uniform 0 to 360 degree distribution. The MS velocity vector v has a magnitude 
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 drawn according to a velocity distribution (to be determined) and direction 
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 drawn from a uniform 0 to 360 degree distribution.

Step 3: Determine the DS, AS, and SF. These variables, given respectively by 
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,
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, and 
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, are generated as described in Clause 5.6 below. Note that 
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is in units of seconds so that the narrowband composite delay spread 
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is in units of seconds. Note also that we have dropped the BS indicies used in Clause 5.6.1 to simplify notation. 
Step 4: Determine random delays for each of the N multipath components.  For macrocell environments, N = 6 as given in Table 5.1. Generate random variables 
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where 
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(n = 1,…,N) are i.i.d. random variables with uniform distribution U(0,1), rDS is given in Table 5.1, and 
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 is derived in Step 3 above. These variables are ordered so that 
[image: image69.wmf]'

)

1

(

'

)

1

(

'

)

(

...

t

>

>

t

>

t

-

N

N

 and the minimum of these is subtracted from all . The delay for the nth path 
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 are quantized in time to the nearest 1/16th chip interval:
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where floor(x) is the integer part of x, and Tc is the chip interval (Tc = 1/3.84x106 sec for 3GPP and Tc = 1/1.2288x106 sec for 3GPP2) 
Note that these delays are ordered so that 
[image: image73.wmf]0

...

1

5

=

t

>

>

t

>

t

N

. (See notes 1 and 2 at the end of Clause 5.3.1.) Quantization to 1/16 chip is the default value. For special purpose implementations, possibly higher quantization values may be used if needed.

Step 5: Determine random average powers for each of the N multipath components. Let the unnormalized powers be given by 


[image: image74.wmf]10

/

)

(

)

1

(

10

)

1

(

)

(

n

DS

DS

n

DS

r

r

n

e

P

x

-

s

×

t

¢

-

t

¢

×

-

×

=

¢

, n = 1,…,6
(5.3-3)
where 
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 (n = 1,…,6) are i.i.d. Gaussian random variables with standard deviation 
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= 3 dB, which is a shadowing randomization effect on the per-path powers. Note that the powers are determined using the unquantized channel delays.  Average powers are normalized so that the total average power for all six paths is equal to one:
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(See note 3 at the end of Clause 5.3.1.)

Step 6: Determine  AoDs for each of the N multipath components. First generate i.i.d. zero-mean Gaussian random variables:
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where 
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.  The value rAS is given in Table 5.1 and depends on whether the urban or suburban macrocell environment is chosen. The angle spread AS is generated in Step 3. These variables are given in degrees. They are ordered in increasing absolute value so that 
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, n = 1,…, N are assigned to the ordered variables so that 
[image: image82.wmf]'

,()

nAoDn

d=d

, n = 1,…,N. (See note 4 at the end of Clause 5.3.1.)

Step 7: Associate the multipath delays with AoDs. The nth delay 
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 generated in Step 3  is associated with the nth AoD 
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 generated in Step 6. 

Step 8: Determine the powers, phases and offset AoDs of the M = 20 sub-paths for each of the N paths at the BS. All 20 sub-path associated with the nth path have identical powers (
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 is from Step 5) and i.i.d phases 
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 drawn from a uniform 0 to 360 degree distribution. The relative offset of the mth subpath (m = 1,…, M)  
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 is a fixed value given in Table5.2. For example, for the urban and suburban macrocell cases, the offsets for the first and second sub-paths are respectively  
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= -0.0894 degrees. These offsets are chosen to result in the desired per-path angle spread (2 degrees for the macrocell environments, and 5 degrees for the microcell environment). The per-path angle spread of the nth path (n = 1 … N) is in contrast to the angle spread 
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which refers to the composite signal with N paths. 

Step 9: Determine the AoAs for each of the multipath components. The AoAs are i.i.d. Gaussian random variables 
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where 
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 is the relative power of the nth path from Step 5.  (See note 5 at the end of Clause 5.3.1)

Step 10: Determine the offset AoAs at the UE of the M = 20 sub-paths for each of the N paths at the MS. As in Step 8 for the AoD offsets, the relative offset of the mth subpath (m = 1,…, M)  
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 is a fixed value given in Table 5.2. These offsets are chosen to result in the desired per-path angle spread of 35 degrees.

Step 11: Associate the BS and MS paths and sub-paths. The nth BS path (defined by its delay 
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) is associated with the nth MS path (defined by its AoA 
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). For the nth path pair, randomly pair each of the M BS sub-paths (defined by its offset 
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). Each sub-path pair is combined so that the phases defined by 
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 in step 8 are maintained.  To simplify the notation, we renumber the M MS sub-path offsets with their newly associated BS sub-path. In other words, if the first (m = 1) BS sub-path is randomly paired with the 10th (m = 10) MS sub-path, we re-associate 
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Step 12: Determine the antenna gains of the BS and MS sub-paths as a function of their respective sub-path AoDs and AoAs. For the nth path, the AoD of the mth sub-path (with respect to the BS antenna array broadside) is
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(5.3-7)
Similarly, the AoA of the mth sub-path for the nth path (with respect to the MS antenna array broadside) is
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The antenna gains are dependent on these sub-path AoDs and AoAs. For the BS and MS, these are given respectively as 
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Step 13: Apply the path loss based on the BS to MS distance from Step 2, and the log normal shadow fading determined in step 3 as bulk parameters to each of the sub-path powers of the channel model.

Notes:
Note 1: In the development of the Spatial Channel Model, care was taken to include the statistical relationships between Angles and Powers, as well as Delays and Powers.  This was done using the proportionality factors 
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 that were based on measurements.  

Note 2: While there is some evidence that delay spread may depend on distance between the transmitter and receiver, the effect is considered to be minor (compared to other dependencies: DS-AS, DS-SF.). Various inputs based on multiple data sets indicate that the trend of DS can be either slightly positive or negative, and may sometimes be relatively flat with distance. For these reasons and also for simplicity, a distance dependence on DS is not modeled.

Note 3: The equations presented here for the power of the nth path are based on a power-delay envelope which is the average behavior of the power-delay profile.  Defining the powers to reproduce the average behavior limits the dynamic range of the result and does not reproduce the expected randomness from trial to trial.  The randomizing process 
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is used to vary the powers with respect to the average envelope to reproduce the variations experienced in the actual channel. This parameter is also necessary to produce a dynamic range comparable to measurements.

Note 4: The quantity 
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 describes the distribution of powers in angle and 
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, i.e. the spread of angles to the power weighted angle spread.  Higher values of 
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 correspond to more power being concentrated in a small AoD or a small number of paths that are closely spaced in angle.

Note 5:  Although two different mechanisms are used to select the AoD from the Base, and the AoA at the MS, the paths are sufficiently defined by their BS to MS connection, power Pn, and delay, thus there is no ambiguity in associating the paths to these parameters at the BS or MS.

5.3.2
Generating user parameters for urban microcell environments

Urban microcell environments differ from the macrocell environments in that the individual multipaths are independently shadowed. As in the macrocell case, N = 6 paths are modeled. We list the entire procedure but only describe the details of the steps that differ from the corresponding step of the macrocell procedure. 

Step 1: Choose the urban microcell environment.
Step 2: Determine various distance and orientation parameters. 

Step 3: Determine the bulk path loss and log normal shadow fading parameters.
Step 4: Determine the random delays for each of the N multipath components. For the microcell environment, N = 6. The delays 
[image: image115.wmf],
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n = 1, … , N are i.i.d. random variables drawn from a uniform distribution from 0 to 1.2 (s. 

Step 5:  The minimum of these delays is subtracted from all so that the first delay is zero. The delays are quantized in time to the nearest 1/16th chip interval as described in Clause 5.3.1. When the LOS model is used, the delay of the direct component will be set equal to the first arriving path with zero delay.

Step 6: Determine random average powers for each of the N multipath components. The PDP consists of N=6 distinct paths that are uniformly distributed between 0 and 1.2(s. The powers for each path are exponentially decaying in time with the addition of a lognormal randomness, which is independent of the path delay:
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where 
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is the unquantized values and given in units of microseconds, and 
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(n = 1,…,N) are i.i.d. zero mean Gaussian random variables with a standard deviation of 3dB.    Average powers are normalized so that total average power for all six paths is equal to one:
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When the LOS model is used, the normalization of the path powers includes consideration of the power of the direct component 
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such that the ratio of powers in the direct path to the scattered paths has a ratio of K:
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Step 7: Determine  AoDs for each of the N multipath components. The AoDs (with respect to the LOS direction) are i.i.d. random variables drawn from a uniform distribution over –40 to +40 degrees:



[image: image123.wmf],

~(40,40)

nAoD

U

d-+

,         n = 1,…, N,
(5.3-12)

Associate the AoD of the nth path
[image: image124.wmf],
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with the power of the nth path 
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. Note unlike the macrocell environment, the AoDs do not need to be sorted before being assigned to a path power. When the LOS model is used, the AoD for the direct component is set equal to the line-of-sight path direction.
Step 8: Randomly associate the multipath delays with AoDs. 
Step 9: Determine the powers, phases, and offset AoDs of the M = 20 sub-paths for each of the N paths at the BS. The offsets are given in Table 5.2, and the resulting per-path AS is 5 degrees instead of 2 degrees for the macrocell case.  The direct component, used with the LOS model will have no per-path AS.

Step 10: Determine the AoAs for each of the multipath components. The AoAs are i.i.d Gaussian random variables 
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 is the relative power of the nth path from Step 5. 

When the LOS model is used, the AoA for the direct component is set equal to the line-of-sight path direction.
Step 11: Determine the offset AoAs of the M = 20 sub-paths for each of the N paths at the MS. 

Step 12: Associate the BS and MS paths and sub-paths.  Sub-paths are randomly paired for each path, and the sub-path phases defined at the BS and MS are maintained. 

Step 13: Determine the antenna gains of the BS and MS sub-paths as a function of their respective sub-path AoDs and AoAs. 

Step 14: Apply the path loss based on the BS to MS distance and the log normal shadow fading determined in Step 3 as bulk parameters to each of the sub-path powers of the channel model. 
Table 5.2: Sub-path AoD and AoA offsets

	Sub-path #

(m)
	Offset for a 2 deg AS at BS (Macrocell)
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	Offset for a 35 deg AS at MS 
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The values in Table 5.2 are selected to produce a biased standard deviation equal to 2, 5, and 35 degrees, which is equivalent to the per-path power weighted azimuth spread for equal power sub-paths.  

5.4
Generating channel coefficients

Given the user parameters generated in Clause 5.3, we use them to generate the channel coefficients. For an S element linear BS array and a U element linear MS array, the channel coefficients for one of N multipath components are given by a U -by- S  matrix of complex amplitudes. We denote the channel matrix for the nth multipath component (n = 1,…,N) as 
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where 
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is the power of the nth path (Step 5). 
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is the lognormal shadow fading (Step 3), applied as a bulk parameter to the n paths for a given drop.

M
is the number of subpaths per-path.
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is the the AoD for the mth subpath of the nth path (Step 12).
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is the the AoA for the mth subpath of the nth path (Step 12).
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is the BS antenna gain of each array element (Step 12).
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is the MS antenna gain of each array element (Step 12).

j
is the square root of -1.

k
is the wave number 
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is the carrier wavelength in meters.
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is the distance in meters from BS antenna element s from the reference (s = 1) antenna. For the reference antenna s = 1, 
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is the distance in meters from MS antenna element u from the reference (u = 1) antenna. For the reference antenna u = 1, 
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is the phase of the mth subpath of the nth path (Step 8).
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is the magnitude of the MS velocity vector (Step 2).
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is the angle of the MS velocity vector (Step 2).

The path loss and the log normal shadowing is applied as bulk parameters to each of the sub-path components of the n path components of the channel.  
Unaffected text was omitted

5.5.1
Polarized arrays

Practical antennas on handheld devices require spacings much less than 
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.  Polarized antennas are likely to be the primary way to implement multiple antennas.  A cross-polarized model is therefore included here.    

A method of describing polarized antennas is presented, which is compatible with the 13 step procedure given in Clause 5.3.  The following steps replace step 13 with the new steps 13-19 to account for the additional polarized components.  The (S/2)-element BS arrays and (U/2)-element MS arrays consist of U and S (i.e., twice in number)antennas in the V, H, or off-axis polarization. 
Step 13:  Generate additional cross-polarized subpaths. For each of the 6 paths of Step 4, generate an additional M subpaths at the MS and M subpaths at the BS to represent the portion of each signal that leaks into the cross-polarized antenna orientation due to scattering.  

Step 14:. Set subpath AoDs and AoAs. Set the AoD and AoA of each subpath in Step 13 equal to that of the corresponding subpath of the co-polarized antenna orientation.  (Orthogonal sub-rays arrive/depart at common angles.)

Step 15: Generate phase offsets for the cross-polarized elements. We define 
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 to be the phase offset of the mth subpath of the nth path between the x component (e.g. either the horizontal h or vertical v) of the BS element and the y component (e.g. either the horizontal h or vertical v) of the MS element. Set 
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 generated in Step 8 of Clause 5.3. Generate 
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 as i.i.d random variables drawn from a uniform 0 to 360 degree distribution.  (x and y can alternatively represent the co-polarized and cross-polarized orientations.)

Step 16: Decompose each of the co-polarized and cross-polarized sub-rays into vertical and horizontal components based on the co-polarized and cross-polarized orientations.

Step 17: The coupled power P2 of each sub-path in the horizontal orientation is set relative to the power P1 of each sub-path in the vertical orientation according to an XPD ratio, defined as XPD= P1/P2. A single XPD ratio applies to all sub-paths of a given path. Each path n experiences an independent realization of the XPD. For each path the realization of the XPD is drawn from the distributions below. 

For urban macrocells:  P2 = P1 - A - B*
[image: image187.wmf]h

(0,1), where A=0.34*(mean relative path power in dB)+7.2 dB, and B=5.5dB is the standard deviation of the XPD variation.  

For urban microcells:  P2 = P1 - A - B*
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(0,1), where A=8 dB, and B=8dB is the standard deviation of the XPD variation.

The value 
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(0,1) is a zero mean Gaussian random number with unit variance and is held constant for all sub-paths of a given path.  

By symmetry, the coupled power of the opposite process (horizontal to vertical) is the same. The V-to-H XPD draws are independent of the H-to-V draws.

Step 18: At the receive antennas, decompose each of the vertical and horizontal components into components that are co-polarized with the receive antennas and sum the components. This procedure is performed within the channel coefficient expression given below.

Step 19: Apply the path loss based on the BS to MS distance from Step 2, and the log normal shadow fading determined in step 3 as bulk parameters to each of the sub-path powers of the channel model.

The fading behavior between the cross pol elements will be a function of the per-ray spreads and the Doppler.  The fading between orthogonal polarizations has been observed to be independent and therefore the sub-rays phases are chosen randomly.  The propagation characteristics of V-to-V paths are assumed to be equivalent to the propagation characteristics of H-to-H paths.

The polarization model can be illustrated by a matrix describing the propagation of and mixing between horizontal and vertical amplitude of each sub-path.  The resulting channel realization is:
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where:
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is the BS antenna complex response for the V-pol component.
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is the BS antenna complex response for the H-pol component.
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is the MS antenna complex response for the V-pol component.
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is the MS antenna complex response for the H-pol component.
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is the antenna gain
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is the random variable representing the power ratio of waves of the nth path leaving the BS in the vertical direction and arriving at the MS in the horizontal direction (v-h)  to those leaving in the vertical direction and arriving in the vertical direction (v-v). 
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is the random variable representing the power ratio of waves of the nth path leaving the BS in the horizontal direction and arriving at the MS in the vertical direction (h-v)  to those leaving in the vertical direction and arriving in the vertical direction (v-v). The variables 
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phase offset of the mth subpath of the nth path between the x component (either the horizontal h or vertical v) of the BS element and the y component (either the horizontal h or vertical v) of the MS element.

The other variables are described in Clause 5.4.  Note that the description above corresponds to a transmission from the base to mobile. The appropriate subscript and superscript changes should be made for uplink transmissions.

The 2x2 matrix represents the scattering phases and amplitudes of a plane wave leaving the UE with a given angle and polarization and arriving Node B with another direction and polarization. 
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 is the average power ratio of waves leaving the UE in the vertical direction and arriving at Node B in the horizontal direction (v-h) to those arriving at Node B in the vertical direction (v-v). By symmetry the power ratio of the opposite process (h-v over v-v) is chosen to be the same.  Note that: 
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=1/XPD; for the macrocell model, the XPD is dependent on the path index; for the microcell model, the XPD is independent of path index.

Expression (2) assumes a random pairing of the of the sub-paths from the MS and BS. The random orientation of the MS (UE) array affects the value of the angle 
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 of each sub-path.

If for example, only vertically polarized antennas are used at both NodeB and UE then the antenna responses become 
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 and expression (2) becomes identical to (1). For an ideal dipole antenna at the NodeB tilted with respect to the z-axis at
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 degrees the above vector becomes 
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The elevation spectrum is not modeled.
5.5.2
Far scatterer clusters

The Far scatterer cluster model is switch selectable.  It represents the bad-urban case where additional clusters are seen in the environment.  This model is limited to use with the urban macro-cell where the first cluster will be the primary cluster and the second will be the far scattering cluster (FSC). When the model is active, it will have the following characteristics:

There is a reduction in the number of paths in the primary cluster from N = 6 to N1 = 4, with the far scattering cluster then having N2 = 2.  Thus the total number of paths will stay the same, now N = N1 + N2 = 4 + 2.  This is a modification to the SCM channel generation procedure in Clause 5.3.  

The FSCs will only be modeled for the serving cell, with 3 independent FSCs in the cell uniformly applied to the area of the cell outside the minimum radius. 

The following is a generation procedure for the FSC model and is used in conjunction with the normal channel generation procedure in Clause 5.3.

Step 1. Drop the MS within test cell.

Step 2. Drop three FS clusters uniformly across the cell hexagon, with a minimum radius of R = 500m.

Step 3. Choose the FS cluster to use for the mobile that is closest to the mobile.

Step 4. Generate 6 delays 
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Step 5. Sort 
[image: image208.wmf]4

3

2

1

,

,

,

t

t

t

t

in order of increasing delays, 

Step 6. Subtract shortest delay of 
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Step 7. Sort 
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Step 8. Subtract shorter delay of 
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Step 9. Assign powers to paths corresponding to all 6 delays:
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(5.5-2)
where 
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 (n = 1,…,6) are i.i.d. Gaussian random variables with standard deviation 
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Step 10. Calculate excess path delay 
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Step 11. Attenuate P5 and P6 by 1dB/(s of excess delay with a 10dB maximum attenuation.  The excess delay will be defined as the difference in propagation time between the BS-MS LOS distance, and the BS-FSC-MS distance.  

Step 12. Scale each of the powers in the main cluster and in the FSC by a common log normal randomizing factor of 8dB/
[image: image219.wmf]2

drawn once per cluster to represent the effect of the independent per cluster shadow fading after including site correlation of the mobile location.

Step 13. Normalize powers of the 6 paths to unity power.

Step 14. Select AoDs at the BS for the main cluster from the channel generation procedure in Clause 5.3.  Select AoDs at the BS for the FSC referenced to the direction of the FSC and selecting values from a Gaussian distribution with standard deviation rAS*mean(AS), where the mean(AS) is equal to 8 degrees or 15 degrees, chosen to match the angle spread model used.

Step 15. Select AoAs at the MS using the equation in step 9 of Clause 5.3, where the 4 paths associated with the main cluster are referenced to the LOS direction to the BS, and the 2 paths associated with the FSC are referenced to the direction of the FSC.  The relative powers used are the normalized powers of step 13 of this clause. 

Step 16. Apply the bulk path loss and log normal to all 6 paths and apply the antenna gains accounting for the angles of the sub-paths associated with the main cluster and the FSC.

5.5.3
Line of sight

The line-of-sight (LOS) model is an option that is switch selectable for the urban micro scenario only.  LOS modelling will not be defined for the suburban or urban macro cases due to the low probability of occurrence.  The LOS modelling is based on the Ricean K factor defined as the ratio of power in the LOS component to the total power in the diffused non line-of-sight (NLOS) component.  The K factor may be defined in dB or linear units in the equations in this document. The LOS component is a direct component and therefore has no per-path angle spreading.  The LOS model uses the following description when this function is selected.  

For the NLOS case, the Ricean K factor is set to 0, thus the fading is determined by the combination of sub-rays as described in Clause 5.3 of the model. 

For the LOS case, the Ricean K factor is based on a simplified version of [1] : K = 13-0.03*d (dB) where d is the distance between MS and BS in meters.

The probability for LOS or NLOS depends on various environmental factors, including clutter, street canyons, and distance.  For simplicity, the probability of LOS is defined to be unity at zero distance, and decreases linearly until a cutoff point at d=300m, where the LOS probability is zero. 
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(5.5-3)
The K-factor, propagation slope, and shadow fading standard deviation will all be chosen based on the results of selecting the path to be LOS or NLOS.

The total combined power of the LOS component and the 6 diffuse components is normalized to unity power so the coherent LOS component will have a relative amplitude 
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 and the amplitudes of all 6 diffuse paths will have a relative amplitude 
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, where K is in linear units. The LOS path will coincide in time (but not necessarily in angle) with the first (earliest) diffused path. When pairing sub-rays between transmitter and receiver, the direct components are paired representing the LOS path. The AoD and AoA of the LOS component are given by 
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 and 
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, respectively.

Following the definitions in Clause 5.4, the (u,s)th component of the channel coefficient (s = 1,…,S; u = 1,…,U) and path n is given by: 
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is as defined in Clause 5.4 and:
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is the the AoD for the LOS component at the base
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is the the AoA for the LOS component at the terminal
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is the phase of the LOS component 

K
is the K factor
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5.6
Correlation between channel parameters

In [2], Greenstein presents a model for correlating delay spread (DS) with log normal shadow fading (SF).  Since both are shown to be log-normal distributed, DS and SF are generally correlated.  

The result of the negative correlation between log normal shadowing and delay spread is significant because it indicates that for a  larger SF, the DS is reduced, and for a  smaller SF, the DS is increased.

Cost 259[3] presents the azimuth spread (AS) as also being log-normal distributed, and likewise being correlated to the DS and SF.  Since the correlation of these parameters is quite high, a spatial channel model needs to be specified that can reproduce this correlation behavior along with the expected probability and range of each parameter. To make sure the model is self-consistent and the full correlation matrix is positive semi-definite, the intra-site correlations between SF, DS and AS are as follows:


 = Correlation between DS & AS = +0.5

 = Correlation between SF & AS = -0.6

 = Correlation between SF & DS = -0.6
The resulting intra-site correlation matrix is given by A:
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(5.6-1)
In addition to intra-site correlations given by A, there are also correlations between of these parameters between different sites. These inter-site correlations are given by 
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Essentially, only inter-site correlations between SF are included. 
[image: image233.wmf]z

 is the SF correlation which is = 0.5.

Suppose we wish to generate the values for DS, AS, and SF for the nth base station (n = 1 … N) with respect to a given mobile user. These values are given as 
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, respectively. These values are a function of the respective correlated Gaussian random variables 
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. These correlated Gaussian random variables are in turn respectively generated from independent Gaussian random variables 
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 are then given by:



[image: image247.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

x

x

x

ú

ú

ú

û

ù

ê

ê

ê

ë

é

z

+

ú

ú

ú

û

ù

ê

ê

ê

ë

é

ú

ú

ú

û

ù

ê

ê

ê

ë

é

=

ú

ú

ú

û

ù

ê

ê

ê

ë

é

g

b

a

3

2

1

3

2

1

33

32

31

23

22

21

13

12

11

0

0

0

0

0

0

0

0

n

n

n

n

n

n

w

w

w

c

c

c

c

c

c

c

c

c


(5.6-3)
where the matrix C with elements cij multiplying the w’s is given by
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(5.6-4)
where the superscript “½” denotes  the matrix square root. The distribution of DS for the nth BS is given by:
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where 
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Similarly the distribution of AS is given by:
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where
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Finally, the distribution for SF is given by:
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where
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 is given above, and 
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 is the shadow fading standard deviation given in dB. The value of 
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 is obtained from analysis of the standard deviation from the regression line of the path loss versus distance. As shown in Table 5.1, these values are 8dB and 10dB for the macro and microcell cases, respectively.  Note that the dB value for SF is simply 
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5.7
Modeling intercell interference

Sophisticated MIMO receivers account for the spatial characteristics of the signals from the desired sector as well as from the interfering sectors. The spatial characteristics of these signals can be modeled according to the channel matrix generated according to Clauses 5.3, 5.4, and 5.5. However, it may be prohibitively complex to explicitly model the spatial characteristics of all interfering sectors, especially those whose received powers are relatively weak. It has been shown that by modelling the signals of relatively weak interferers as spatially white (and thereby ignoring their spatial characteristics), the resulting performance difference is negligible. The following four steps outline the procedure for modelling intercell interference. 

-
Determine the pathloss and shadowing of all sectors. (Note that "pathloss" implicitly includes antenna patterns as well.)

-
Rank the sectors in order of received power (based on pathloss and shadowing). The base with the strongest received power is the serving base, and the others are interfering bases.

-
Model the  strongest B interfering sectors as spatially correlated processes whose covariances are determined by their channel matrices. These channel matrices are generated from Clauses 5.3, 5.4, and 5.5 and account for the pathloss, shadowing, and fast fading variations. The way in which the channel realizations are employed depends on the receiver algorithm and simulation methodology. For example, if only the statistics of the interfering sectors are required, their signals can be modeled as spatially correlated additive Gaussian noise processes with covariances determined by the channel matrices.

-
Model the remaining sectors as spatially white Gaussian noise processes whose variances are based on a flat Rayleigh fading process. Hence the variances are varying over the duration of a simulation drop.

To model the remaining "weak" sectors, we assume that the mean power of the flat Rayleigh fading process is equal to the effects of pathloss and shadowing from each sector. Therefore if the received power from the b-th sector due to pathloss and shadowing is 
[image: image262.wmf]b
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, then the Rayleigh fading process for the m-th receive antenna (m = 1,…, M) as a function of time is given by 
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. The fading processes for each sector and receive antenna are independent, and the doppler rate is determined by the speed of the mobile. We assume that the fading is equivalent for each mobile receive antenna.  The total received noise power per receive antenna due to all "weak" sectors at the m-th antenna is 
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(5.7-1)
where F is the set of indices for the "weak" sectors.

For 3-sector systems, we model the B = 8 strongest sectors. For 6-sector systems, we model B = 12 strongest sectors. The values for B are based on simulation results for the typical cell layout with a single hexagonal cell surrounded by two rings of cells (a total of 19 cells) and with users placed in the center cell. For other layouts, different values of B or an entirely different technique may be required to properly account for the intercell interference.  
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Annex A:
Calculation of circular angle spread
For a signal with N multi-paths, each has M sub-paths, the conventional angle spread calculation for the composite signal is given by
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where 
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is the power for the mth subpath of the nth path, 
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and 
[image: image273.wmf]m
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 is the AoA (or AoD) of the mth subpath of the nth path. Note that we have dropped the AoA (AoD) subscript for convenience. 

We note that the angle spread should be independent of a linear shift in the AoAs. In other words, by replacing 
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where 
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